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An industry developed method for testing cycle life of strip metal springs was
used to produce metal fatigue data in quantities large enough for detailed statistical
analysis. This cycle life test method is called Endurance Testing and is described in
detail. The fatigue data was analyzed using advanced statistical techniques and
computerized stress analysis. After the analysis was complete, the results were
compared to standard fatigue testing on the same lot of material using the ASTM
B593-85 test method.
The main advantages ofthe "Endurance Test method" are easily machine test
samples and the ability to simultaneously test up to 48 fatigue specimens at a time.
\
Testing 48 specimens simultaneously w~s used to advant~~oducing enough test
data points to analyze statistically. Several statistical distribution functions were
tried, with a close match found between the fatigue test data and a three parameter
+-
Weibulldistribution of the log of cycles to failure. Other commonly used statistical
distributions used for analyzing fatigue test results such as the two parameter
Weibull distribution are shown to provide a poor correlation to the metal fatigue
data.
Also discussed in this thesis is the ability of computerized Finite Element
Analysis to accurately analysis the complex stress distribution in a formed strip
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metal spring. This is verified by comparing the fatigue data from ASTM testing to
endurance test data. The maximum stress on the endurance test specimens were
predicted by Finite Element Analysis while the stress on the ASTM fatigue specimens





About 30 :years ago Instrument Specialties Co. (I.S.) received several requests for
<::::metal fatigue data on Beryllium Copper strip springs. In response to this Instrument
Specialties Company invented and built a fatigue testing apparatus which Instrument
Specialties Company called the "Endurance Test Machine"l. The machine consisted of two
rows of 24 fatigue test specimen holders, allowing up to 48 fatigue specimens (Figure 1.0-1)
to be tested simultaneously. The machine is a constant deflection test machine with each
bank of 24 specimens tested to the same deflection.
The original "Endurance Test" specimen was a rectangular strip ofmetal.378 inches
wide, and 2 inches long. All the specimens in each bank of 24 were deflected the same
amount by a set of pins connected to a moving rail, one rail for each of the two rows of
specimen holders. These rails or contact pin holders are shown in Figures 1.0-2, and 1.0-3.
Each of the pins that contacts the specimens were connected electrically to an hour meter.
When each specimen broke, the connection was broken and the individual hour meter
stopped.
An electric motor with a speed control drives an adjustable crankshaft which moves
the rails with a back and forth movement The adjustable crankshaft is shown in Figure
1.0-4 and is labeled 1. This adjustable crankshaft produces the fine adjustment for setting
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the specimen deflection. Multiplying the time in minutes recorded on the hour meter, after
a fatigue specimen failed, by the RPM of the motor gave the cycles to failure.
In preliminary tests comparing commercially produced contact springs,· the
"Endurance Test" data proved to overestimate the fatigue life of the springs. It was
determined that the typical configuration of a contact spring induced a stress concentration
because of the sharp bend usually found in the high stress region. The "Endurance Test"
specimen configuration was changed from a straight specimen, to a specimen with a tight
45 degree bend at the high stress region. See Figure 1.0-1.
This specimen shape closely matched the shape of typical contact springs. These
springs typically have a flat portion which provides for mounting. The spring usually has
a tight bend and a straight portion which extends from this bend and forms the spring arm.
The electrical contact and source ofthe springs deflection is usually at the end of this spring
arm. The new specimen duplicated the stress concentrations of typical springs and
provided a superior correlation between actual spring life and metal fatigue testing.
After producing some promising data, the hour meters of the original machine began
to fail. Replacement parts were difficult to obtain, and the test program was abandoned
until 1986 when the test program was revived due to a renewed interest among Instrument
Specialties Company's customers. Several new contact alloys were coming on the market,
and comparison data on these alloys was needed.
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The "Endurance Test" machine was rebuilt using an electronic control system to
replace the ~nreliable hour meters. The control system determined if an endurance
specimen failed by measuring continuity across the specimen. Figure 1.0-2 shows the
arrangement of test specimens in the Endurance Tester including how the contact pin
deflects the specimen. The specimen holder or mounting' fIxture (item 3 -in Figures 1.0-2
and 1.0-3) anchors the specimen to the test machine. Figures 1.0-3 and 1.0-4 show the
endurance test machine.
The contact pin holder (item 2 in Figures 1.0-2 and 1.0-3) moves parallel to the block
holding the specimen mounting fIxtures. The movement is controlled by the adjustable
crankshaft, and linkage arms shown in Figures 1.0-3 and 1.0-4. The deflection can be
adjusted coarsely by attaching the lead control arm to different holes along the fIrst link
arm (item 2 of Figure 1.0-4). The fIne adjustment is made by sliding the end link in and
out in aT-slot on the crankshaft (Item 1 in Figure 1.0-4).
Each of the linkage rods has left and right hand threads so that their lengths can be
adjusted by rotating the linkage rod. This allows fIne adjustment of the contact pin holders
position. The ratio of deflection of the two contact pin holders can be varied by moving the
rod end to different holes in the linkage arm (Item 3 of Figure 1.0-4). This allows different
deflections to occur in the two contact pin holders, and so deflect the specimens different
amounts· in each bank of the "Endurance Test" machine. 1\\'0 different stress levels can
be tested simultaneously in the machine by adjusting this deflection ratio.
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When the specimen failed, electrical continuity was broken, and the control system
would indicate which specimen failed and shut the machine off. With the machine shut
down, each specimen that failed can be vismtlly verified before continuing the test. This
eliminated any. false alarms which would happen due to corrosion and abrasion of the
"Endurance Test Specimen" between the specimen and the contact pin.
To give credibility to the comparison of fatigue test data of different connector alloys
using the "Endurance Test" method, it was decided to first compare "Endurance Test"
results to ASTM B593-852 test results. To insure a good comparison, material from the
same coil of metal was used in both studies. Brush Wellman Incorporated3 provided the
test material, and performed the fatigue testing using the ASTM method at their facility.
This test data was used as a point of comparison to verifY the results of "Endurance Test"
results.
Four of the most common conductive strip metals based on Beryllium Copper were
chosen for this test program. These materials and some of their properties are described
in Table 1.0-1. The first three materials are variations of the same alloy C17200. Two of
these materials (C17200 1/4H and C17200 H) are differenqated by the amount of cold
rolling (temper) before ·ageing. The third material C17200 XHM (commercially known as
Alloy 190 XHM) is rolled and heat treated as received. No heat treatment is required after
forming with Alloy 190.
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Springs made from alloy 17200 1/4HT and 17200 HT are both formed in the solution
annealed condition and are later subjected to a ,solution ageing heat treatment. This final
heat 'treatment removes most of the residual forming stresses in these 'materials. These
three variations of alloy C17200 have different strengths, and in the case of alloy 190
include residual forming stresses not relieved by a final heat treatment. The last material
"Alloy 17410" is a relatively new alloy which is becoming increasingly popular in industry.
Alloy 17410 was chosen because it is also a Copper Beryllium alloy" and no metal fatigue
























1. Mounted Endurance Test Specimens
2. Moving Contact pin Holder
3. Specimen Mounting fixture





1. Mounted Endurance Test Specimens
2. Moving contact Pin Holder
3. specimen Mounting fixture
4. Adjustable Control Rod
...... In .... ".. Test ne
CURE 1 ..0 ..3
1. Fine Deflection Adjustment
2. Coarse Deflection Adjustment
u
I
3. Deflection Ratio Adjustment
..
Properties of Beryllium Copper Alloys
ppy
CI7200 1I4HT CI7200 HT C17200 XHM C17410
(190 XHM)
Heat Treatment 2 Hours@ 2 Hours@ Proprietary Proprietary
600'" 6OOF' from Supplier from Supplier,
Tensile Strength 175 to 205 KSf 190 to 220 KSf 155 to 175 KSf 110 to 130 KSf
Yield Strength .2% • 159.8 KSf 196 KSf 140 KSf 112.5 KSf
-
Elongation % / 3 to 10 1 to 6 4 to 15 7 to 17
Hardness DPH 353 to 424 373 to 446 1317 to 378 210 to 278
-- ~ ----







Beryllium 1.80 - 2.00 'i.80 - 2.00 1.80 - 2.00 0.15 - 0.50
----





Cobalt + Nickel 0.20 min 0.20 min 0.20 min
-
Cobalt + Nickel + .06 max .06 max .06 max
-
Iron
Copper Balance Balance Balance Balance






1.1 FATIGUE SPECIMEN PREPARATION
The I.S. '''Endurance Test" specimens were blanked in a stamping die with
tight clearances to produce a minimum burr size. A hole was then pierced in the
,
center, of one end. This hole was precisely located and is used to align the specime_n
in the bending die. Details of the I.S. "Endurance Test" specimen are shown in-
Figure 1.0-1. This hole is also used later to align the specimens in the load gauge.
The 45 degree bend is then formed in a wiping die with the burr on the outside of
the bend (compression side of specimen as tested.) Specimens not requiring heat
treatment such as mill hard alloys are degreased, and are then ready for load
measurement.
Specimens requiring heat treatment (Alloys 17200 1I4H and 17200 II) were
placed in a heat treat fIxture. The fIxture clamps and holds the specimen so that it
retains its shape during the heat treat process. The fIxture used allows the heat
treatment of 12 specimens at a time. The specimens remain in the fIXture until the
heat treatment is completed and the fIxture is cooled to room temperature.
-
A liquid salt bath was preheated to the heat treat temperature recommended
by the manufacture of each alloy. The loaded fIXture was then immersed in the
liquid salt for the time period recommended by the manufacturer. Upon removal
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from the liquid salt the loaded fIxture is quenched in water. ~This quickly cools down
the fIxture and also helps dissolve the salt which entrusts the specimen. The
specimens were then removed from the heat treat fIxture.
The liquid salt heat treatment leaves a light layer of scale on the fatigue test
specimens. This scale was removed by dipping the parts in a series of caustic
chemical baths. For cleaning Beryllium Copper the commercial procedure is called
"Bright Oean" and consists of the following dips. The exact concentrations of these
chemicals are proprietary to Instrument Specialties COl.
1. Alkaline Oeaner - concentrated alkaline bath
2. Sulfuric Acid Pickle - Concentrated hot sulfuric acid mixture
3. Sulfuric/Peroxide Desmut - Concentrated mixture of sulfuric acid and
hydrogen peroxide
4. Copper Shield Anti-Tarnishing Solution - BTA solution
5. Vapor Drying - Hot Vapor Degrease with Trichloroethylene
Some Beryllium Copper alloy specimens were processed through a
proprietary cleaning process called' 'Endurance Finishingl". "Endurance Finishing"
is a tumbling operatioIiwhich fInely polishes the specimens while removing burrs.
The test results of "Endurance Finished" test specimens were treated separately in
this investigation so as to determine if the "Endurance Finish" process actually
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improves the fatigue life of contact springs.
1.2 LOAD DEFLECTION MEASUREMENTS
The width, thickness, and "A" dimension of the finished "Endurance Test"
specimens was then measured. The "A" dimension is shown in Figure 1.2-1. The
"A" dimension is a measurement of the "Endurance Test" specimen which
determines the distance from a fixed point on the "Endurance Test" specimen as
mountedin the "Endurance Test" machine to the point of contact at zero deflection
of the contact pin. This provides a reference point for setting up the test machine.
The mean of the "A" dimensions of a test group is then calculated. The
specimen with the "A" dimension closest to the mean "A" dimension is made the
master specimen and is used to set up the test machine.
Using the simple deflected beam formula, Equation 1.2-1, the load ,F, at the
contact pin necessary to produce the desired maximum stress "ef' is calculated.
a Wt 2F =
6L
EQUATION 1.2-1
Where: F = Load required to produce the desired maximum stress
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·w = Width of specimen
t = Thickness of specimen
L = Vertical distance from clamp to contact pin
The master specimen is then placed in a test jig which is a duplicate of a
specimen holder from the "Endurance Test" machine. The contact pin of the test
jig is connected to a load cell which measures the contact force of the deflected
"Endurance Test". specimen. A micrometer deflects the specimen until the
calculated force (F) of Equation 1.2-1 is reached.
The deflection is recorded, and each specimen in tum is placed in the test jig,
and deflected the same amount. The load on each specimen is recorded. Since the
"Endurance Test" machine deflects each specimen in a test group the same amount,
the stress on each specimen during the test can be calculated from the previously
measured values. The procedure for this is given in section 2.1.
Next the specimens are mounted in the "Endurance Test" machine and the
machine set to deflect the specimens the same amount as was measured above. The
"Endurance Test" machine is started, and the cycles to failure of each specimen is
recorded. The frequency of the "Endurance Test" machine is adjustable from 500
cycles per minute to about 2000 cycles per minute. A standard frequency of 1000




Endurance Test Specimen - "A" Dimension
FIGURE 1.2-1
RESULTS AND DISCUSSION
2.1 ANALYSIS OF SPECIMEN STRESS
The stress on each specimen was determined by first measuring the load on
a fully deflected specimen. The length, width, and thickness of the specimen along
with the load on the specimen was used to calculate the load on each specimen
before the test start. The simple deflected beam relationship of Equation 2.1-1 was





Where: (j = the maximum stress
W = width of specimen
L = length of specimen
t = thickness of specimen
F = force
This simple relationship along with the shape of the "Endurance Test"
specimen correlated well to cycles to failure of contact springs whose stress was
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calculated in a similar manner. The ASTM specimen's2 stress was determined from
strain gauges mounted to the specimens. The ASTM fatigue test resulJ indicated
'. ~
significantly longer fatigue life at the same stress level as the "End~e Test"
specimens. This indicated that the cantilever beam method of calculating the stress
on "Endurance Test" specimens was not accurate, and the actual stress was
significantly greater than that calculated.
Instrument Specialties Company started using Finite Element Analysis
software called NISA n4 to accurately predict stress in a deflected spring. Finite
Element Analysis (FEA), has been used for many years to design critical,components
for spacecraft, aircraft, automobiles, etc. An FEA model of the loaded "Endurance
Test" specimen was made, and analyzed on a computer. The stress pattern on the
"Endurance Test" specimen as analyzed using NISA n is shown in Figures 2.l-lA
and 2.l-lB. These figures show the right half of the specimen. A mirror image of
the stress distribution occurs on the left hand side. Figure 2.2-1A shows the stress
distribution on the bottom or tension side, while Figure 2.2-1B shows the stress
distribution on the top or compression side.
From this figure you can see that there are three significant stress
concentration areas on the bend area of the "Endurance Test" specimen, the center,
and a region near the edge on either side. In examining the failed "Endurance Test"
specimens, the fracture always started at one of these three stress concentrations,
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and then continued toward one of the other high stress regions. The difference
between calculated stress and FEA stress is shown in the raw test data iIi Appendix
A for each specimen. This difference averaged about 10 KSI (68.9 MPa) higher for
the stress levels tested. This proved to explain most of the difference between the
ASTM fatigue test results, and the beam formula calculated "Endurance Test"
results.
The stress value used in the final analysis of the fatigue data was the mean
FEA stress of a test group. Since each specimen in a test group experiences the
same deflection, and not the same stress, a narrow distribution of stresses occurs for
each test group. The mean and standard deviation stress of each test group is shown
in Figures 2.1-2 to 2.1-5.. The standard deviation of stress for a test group was
...
usually under 4 KSI (27.6 MPa), except where the stress exceeded the 0.2% yield
strength for. individual specimens. The stress variability within each test group is
small enough that the entire group can be considered at the same stress for statistical
analysis of the cycles to failure data. This narrow range of stress distribution also
shows that the "Endurance Test Specimens" tested are very consistent in shape and
thickness.
2.2 WEffiULL STATISTICAL DISTRIBUTION
Initial examination of data from "Endurance Testing" showed that early in
a test the frequency of failures would increase very quickly to a peak value, and then
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<. decrease slowly until the end of the test The pattern of these failures resembled a
normal distribution which was not symmetrical, and was skewed toward the high
cycle life side. To analyze the "Endurance Test" data a two parameter Weibull
d"
distribution function was chosen. The second parameter of the Weibull function is
a shape parameter, which alters the shape of the statistical distribution and controls
the amount of skew in the statistical model. The Weibull cumulative distribution
function is given in Equation 2.2-1 5,6.
F(n) = 1 - e -(~)P
EQUATION 2.2-1
Where: a = Weibull Scale Parameter
~ =Weibull Shape Parameter
n = Number of cycles to failure
F(n) = The probability of failure at a given n
The alpha and beta parameters are determined from each group of test data
using the following equations. The degree of fit equation is given in
Equation 2.2_25,6. When the alpha and beta parameters represent the best fit to the
data, D(J3) equals zero. The maximum likelihood estimate of alpha is given by
Equation 2.2-2.
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N = Number of Test Pieces in a Test Group
Xi = The Cycles to Failure of Each Test Specimen in a Test Group
e = Natural exponent
The technique to finding the scale and shape is an iterative technique. The
above equations were programmed into a Quattro Pro spreadsheee, and the Alpha
and Beta parameters for each test group were calculated to a tolerance of 10-8.
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The resulting Weibull distribution was plotted against the actual test points
for each test, and is shown in Figures 2.2-1 through 2.2-12. The cumulative
distribution 5, 6 is given by
-(X-Xe)'P (P-l).




(P) = The probability of failure
x = Cycles to Failure
Xo = Threshold Value (0 for 2 Parameter Weibull)
(Xo is also commonly referred to by the symbol "y")
The Quattro Pro spreadsheet allowed preliminary analysis of the data, and
helped prove that the two parameter Weibull statistical distribution did not properly
characterize the fatigue data. The two parameter Weibull function predicts that a
significant number of failures will occur at low fatigue cycles. This is not indicated
by the test data especially at low stress levels.
The distribution of the test data is shown in the graphs in Appendix B. The
region between the first failure, and the last failure was segmented into 10
sub-regions. The number of failures that occurred in each sub-region is shown by
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the height of the bars in the graphs. This is the two parameter Weibull data that
is plotted in Figures 2.2-1 to 2.2-12 as the actual distribution from the test results.
A three parameter Weibull distribution was tried next. The three parameter
Weibull cumulative distribution function is given by Equation 2.2-5 5,6. The Weibull
threshold parameter is the number which is subtracted from each cycle to failure
value before the two parameter Weibull function is calculated. After the Weibull
distribution is found, the threshold value is then added to the distribution creating
an offset value for the zero probability of failure. Th~ probability of failure is
mathematically zero at the threshold value, and by dermition is zero below the
threshold value.
Like the a and ~ parameters, the Weibull thresholtvaIue (y) is determined
using an iterative technique. The threshold value is determined when a log plot of
percent failures vs cycles to failure best matches a straight line. The shape of this
plot is manipulated by offsetting the data by a trial threshold-;11ue. To determine
~









- E [Log(Xi - Yt) * (Ln(N% )]
- E [Log(Xi- Yt)]2
EQUATION 2.2-7
N% = The number of failures which have occurred up to and including
the test point divided by the total number of test points.
Xi = The cycles to failure of a test point.
Yt = The Weibull trial threshold value.
N = The number of specimens in a test group
The trial threshold value equals the true threshold value when R of Equation
2.2-6 is maximized. Equation 2.2-6 is the least squares degree of fit equation
modified to work with the X and Y axis of a Weibull distribution plot. When the
Weibull threshold value Yis determined for a test group, each Xi point is then
reduced by the threshold value y. The Weibull a and ~ parameters are then
determined from the modified Xi data just as they were for the two parameter
Weibull distribution.
The three parameter Weibull distribution is also plotted in Figures 2.2-1
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through 2.2-12 using the same evenly distributed points. Although the three
parameter Weibull distribution shows a bettercorrelation to the actual test data
than the two parameter Weibull distribution, it was not a good match. This
indicated that either the data is random, or a different mathematical technique was
needed.
In examining the correlation of the three parameter Weibull distribution to ~
the actual failure distribution (Figures 2.2-1 to 2.2-12), it was noticed that the three
parameter distribution peaked earlier than the test data indicated, and that the three
parameter distribution was also wider than the actual data. The test data could not
be normalized by the three parameter Weibull distribution alone. Fatigue data is
commonly plotted on a log scale, and the crack growth rates predicted by fracture
mechanics are also logarithmic in nature. With this in mind, the three parameter
Weibull analysis on the log of the cycles to failure was the next distribution to be
evaluated.
The three parameter Weibull analysis procedure using the log of the cycles
to failure was used to determine the Weibull constants for each "Endurance Test"
of alloy 17200 1/4R The antilog of this probability distribution was then plotted in
Figures 2.2-1 through 2.2-12 and compared with the other statistical techniques. The
three parameter Weibull distribution of the log of the fatigue data provided the
closest match to the actual fatigue failure distribution of the three distributions tried.
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All the "Endurance Test" data was finally analyzed using the three parameter
Weibull analysis on the log of cycles to failure.
2.3 COMPARISON TO ASTM TEST RESULTS
Researchers at Brush Wellman Inc.3 used material from the same coil of
metal and performed ASTM metal fatigue testing. The Brush Wellman produced
ASTM test results were compared to the 500AJ failure prediction of the "Endurance
Test" data. The 500/0 failure point was predicted using the three parameter Weibull
technique using the log of cycles to failure. The results of the comparison is shown
in Figures 2.3-1 to 2.3-4. The ASTM results plotted are individual specimen failures
because there was not enough test data to attempt a statistical analysis. The ASTM
tester tests only 1 specimen, and Brush Wellman had access to three testers. With
the ability to test only three specimens at a time, Brush Wellman could not produce
enough data to permit a detailed statistical analysis.
The "Endurance Test" machines ability to test many ,specimens
simultaneously was used to advantage to gain a significant statistical test group. At
high stresses, where the failure distribution is relatively tight, the test group size
usually consisted of 12 specimens. As the fatigue limit of the alloy was approached,
the scatter in the failures increased dramatically. The number of specimens in a test
group was increased to 48 when the fatigue limit was approached, or the scatter
increased. This was not possible with the ASTM test method, due to the limitation
Page 27
on the number of specimens which could be tested.
The "Endurance Test" results were broken down into two categories for each
alloy and temper. "Endurance Finished" fatigue results are identified separately
from the standard manufactured finish (bright clean for heat treated alloys, and the
mill finish for mill hard materials). Most of the "Endurance Test" results are
comparable to the ASTM test results with some "Endurance Finished" test groups
,
showing a trend toward early failures. In general the "Endurance Finished"
specimens produced more repeatable data, and a better correlation to the ASTM test
results than standard finished parts. This indicates that there is a source of
variability in the contact spring manufacturing process (the same manufacturing
processes used to make the "Endurance Test" specimens is used to make precision
springs), and that this can result in reduced fatigue life. The "Endurance Finishing"
process lessens this variability, but does not eliminate it.
The "Endurance Test" specimen undergoes all the manufacturing operations
of a manufactured spring, and the variability in the results mimics the problems seen
in production springs. These problems were usually blamed on a bad lot of material.
The test results indicate that the variability is more likely due to a variability in the
manufacture of the springs. The test results varied batch to batch from the same
coil of material. During the test program, the specimens were blanked in a large
batch, with specimens randomly selected from the bulk for each test. The specimens
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were then formed into the "Endurance Test" specimen just before each test This
should have randomized any variability in the coil.
2.4 TREND OF THE WEffiULL PARAMETERS
The large quantity of test groups analyzed for Alloy 17200 1I4HT allowed
analysis of the trend of the Weibull parameters. The individual Weibull parameters
from each test group were plotted against the stress of the individual test groups.
These graphs are shown as Figures 2.4-1 to 2.4-3. A least squares line fit was
performed on this graph and the results presented. Several test points were
eliminated from each least squares line fit because they fell well outside the trend of
the majority of the data. These points were so far removed from the majority of the
test points that the line fit including these points fell outside of the bulk of the data.
Using the linear relationships developed from each ofthe Weibull parameters,
a relationship was developed which related the trend of the Weibull parameters to
cycles to failure. Multiple plots were developed using the Weibull probability density
function to predict the 1010, 10%, 50%, and 90% failure points at different stress
levels. These plots are shown in Figure 2.4-4. The predictions are not unreasonable
and results in a detailed description of the fatigue behavior of alloy 17200 1I4HT
between the 0.2% Yield' Strength, and the fatigue limit of the material.
Unfortunately this plot required the results of over a thousand individual test points.
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This is only possible because of the ability of the "Endurance Test" machine to test
so many specimen~ at a time.
2.5 HUMIDITY EFFECfS
Humidity was not controlled during the major portion of the "Endurance
Testing" program. This was thought to be a possible cause of variability in the test
results, and so was investigated. Ambient humidity was not measured during the
test program, and so to determine any humidity effects, the relative humidity as
recorded by the local U.S. weather service was obtained and compared to the test
.;
results. No correlation to the variability of the test results was noted in this
comparison. To further confirm that the variability in test results was not due to
humidity, the last tests were performed in a sealed tester packed with activated .
desiccant There was no improvement in consistency with the dry environment.
2.6 FATIGUE TEST RESULTS ON ALWY 17200
The fatigue test results on alloys 17200 1/4HT and HT were similar in shape,
with the stronger HT material producing about the same fatigue life with a 20 KSI
increase in stress. This is shown in Figures 2.3-1 and 2.3-2. These alloys are
chemically identical, and are differentiated only by the amount of cold reduction
after the final solution annealing. The difference in the .2%, yield strength for these
alloys is 36 KSI, and the difference in the fatigue results represented about half of
the difference in the .2% yield strengths.
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The fatigue life of the mill hard version of alloy 17200, the XHM temper,
produced significantly lower fatigue life than the HT materials. The fatigue test
results are shown in Figure 2.3-3. The.20./0 yield strength of alloy 17200 XHM is
lower than that of the 1/4HT and HT versions of this alloy which partially explains
the difference in fatigue life. This can also be explained by the presence of residual
forming stresses in the mill hard material. The 1I4HT and HT materials are solution
aged after forming which removes most of the forming stresses. Specific material
properties for the materials tested are given in Table 1.0-1
2.7 FATIGUE LIFE OF ALWY 17410
Alloy 17410 is also a Copper Beryllium alloy, but has a different chemistry
and metallurgy than alloy 17200. This is a special alloy with lower strength than
conventional Copper Beryllium alloys, but with higher conductivity. It is also only
available as a mill hard alloy, and includes residual forming stresses in the finished
"Endurance Test" specimen. This data is shown in Figure 2.3-4. The specific
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Alloy 17200 1/4HT - Stress 89.7 KSI
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COMPARISON OF STATISTICAL PREDICTIONS
FIGURE 2.2-1
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Alloy 17200 1/4HT - Stress 93.2 KSI
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Alloy 17200 1/4HT - Stress 95.9 KSI/
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Alloy 17200 l/4HT - Stress 102.7 KSI
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Alloy 17200 1/4HT - Stress 107.4 KSI
Test Number WAPA2-1













































• ACTUAL .......... 2 P'ARAM WEI BULL .- 3 PARAM WEIBULL - LOG 3 PARAM
COMPARISON OF STATISTICAL PREDICTIONS
FIGURE 2.2-8
Alloy 17200 1/4HT - Stress 111.9 KSI
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• ACTUAL .......... 21'ARAM wmBULL - 3 PARAM WEIBULL - LOG 3 PARAM
COMPARISON OF STATISTICAL PREDICTIONS
FIGURE 2.2-9
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• ACTUAL .......... 21'ARAM WElHULL - 3 I'ARAM WEIBULL - LOG 3 PARAM
COMPARISON OF STATISTICAL PREDICTIONS
FIGURE 2.2-10
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Alloy 17200 1/4HT - Stress 112.8 KSI
Test Number WAP73-1




















































COMPARISON OF STATISTICAL PREDICTIONS
FIGURE 2.2-11
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FIGURE 2.3-1
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BRIGHT CLEAN .. ENDURANCE FINISH ;+' ASTM R=()
COMPARISON OF TEST RESULTS
FIGURE 2.3-2
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COMPARISON OF TEST RESULTS
FIGURE 2.3-4
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3.1 ENDURANCE TEST METHOD
The "Endurance Test" method is an ideal method of determining the fatigue
life of strip spring alloys. The "Endurance Test" specimen is a manufactured
spring, and must pass through all the necessary manufacturing operations that a
typical strip metal spring would require. This subjects the "Endurance Test"
specimen to all the same side effects and variability of these processes. The
"Endurance Test" specimen is a realistic simulation of an electrical contact spring.
A special fatigue tester was designed to test the "Endurance Test" specimen
called the "Endurance Test" machine. A major feature of the "Endurance Test"
machine is the ability to test up to 48 specimens at a time. This was a significant
advantage because enough test data to analyze the fatigue life statistically was made
practical only because of the specimen capacity of the "Endurance Test" machine.
3.2 ROGUE TEST RESULTS
The test results show that the fatigue life of a few test groups deviate
significantly from the majority of the test groups measured in this program. oThe
cause of these deviations could not be determined, and the rogue test groups could
be identified only by the trend of the majority of the test data. Fortunately the
rogue groups stood out from the majority of the test data and could be separated.
Rogues (batches ofmanufactured springs which lack consistent properties) have been
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common in precision metal stamping of Copper Beryllium alloys. The cause of
rogues still remains a mystery. The rogues must be due to some variable in the
manufacturing process which has a serious detrimental effect on the fatigue life of
the formed spring. In comparing the "Endurance Finished" data to the general
production "Endurance Test" specimens, it was noticed that in general the
"Endurance Finishing" process produced higher fatigue life and better consistency
than the standard manufacturing process alone. This reduced the frequency of
rogues, but they also happened in "Endurance Finish" tests.
3.3 FINITE ELEMENT ANALYSIS
Finite Element Analysis (FEA) proved to be accurate in predicting the stress
levefin formed parts. This can be seen in comparing the fatigue test data produced
using the ASTM fatigue test method data to the "Endurance Test" data which used
FEA to analyze the "Endurance Test" specimen stress. The Stress on the ASTM
specimens was measured using strain gauges and the elastic modulus from tensile
test data. The stress distribution on the ASTM fatigue specimens is very uniform,
and can be predicted accurately using a strain gauge. The complicated stress
distribution present on the endurance test specimen is to complicated to measure
using strain gauges. Also standard beam equations are not suitable for highly
deflected structures due to edge curl of the structure.
F'imte element analysis, specifically-geometrically ··non-Iinear analysis can
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accurately predict the value and distribution of stresses in thin metal springs.
3.4 FATIGUE TEST RESULTS ON ALLOY 17200
The fatigue test results on alloys 17200 1I4HT and HT were similar in shape,
with the stronger HT material producing about the same fatigue life with a 20 KSI
.
increase in stress. This is_~hown in Figures 2.3-1 and 2.3-2. These alloys are
chemically identical, and are differentiated only by the amount of cold reduction
after the final solution annealing. The difference in the .2% yield strength for these
alloys is 36 KSI, and the difference in the fatigue results represented about half of
the difference in the .2% yield strengths.
The fatigue life of the mill hard version of alloy 17200, the XHM temper,
produced significantly lower fatigue life than the HT materials. The fatigue test
results are shown in Figure 2.3-3. The .2%) yield strength of alloy 17200 XHM is
lower than that of the 1I4HT and HT versions of this alloy which partially explains
the difference in fatigue life. This can also be explained by the presence of residual
forming stresses in the mill hard material. The 1I4HT and HT materials are solution
aged after forming which removes most of the forming stresses. Specific material
properties for the materials tested are given in Table 1.0-1
3.5 FATIGUE LIFE OF ALLOY 17410
Alloy 17410 is also a Copper Beryllium alloy, but has a different chemistry
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and metallurgy. This is a special alloy with lower strength than conventional Copper
Beryllium alloys, but with higher conductivity. It is also a mill hard alloy, and
includes residual forming stresses in the finished "Endurance Test specimen. This
data is shown in Figure 2.3-4. The specific material properties for this alloy are
given in Table 1.0-1
3.6 STATISTICAL DISTRIBUTIONS
The most important outcome of this thesis is the determination of proper
statistical methods to characterize metal fatigue test results. The commonly
recommended two and three parameter Weibull distributions did not accurately
portray the fatigue test data. When the logarithms of the cycles to failure is used,
the three parameter Weibull distribution produces a reasonable match to the data
that is being characterized. After the statistical analysis, the probabilities of failure
are determined. The antilog of the cycles to failure predicted by the probability
distribution give the true cycles to failure information.
Like all statistical techniques, the match is an empirical match, and is not
directly based on a physical model. One reason that the three parameter Weibull
function was chosen is because it predicts that there is a threshold value before
which there is an infinitely small probability of failure. The fatigue data produced
in this program strongly indicated that this is true. Another reason for choosing the
Weibull distribution is that the pattern of failures that were observed produced a
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rnon-symmetrical probability distribution. The Weibull distribution accounts for the
non-symmetrical data. The mathematics used to calculate the three parameter
Weibull distributions three parameters are complicated, but the iterative technique
used in this thesis is straight forward and well suited to computer analysis.
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F I L E = WAP3-1.WQl
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 1I4HT
NOTES = ENDURANCE FINISHED
% FAILURES ESTIMATED FEA










81.4 90.0 1 100000000
89.3 98.5 1 3505800
82.2 90.8 1 100000000
82.1 90.8 1 7,486,500
83.9 92.7 1 4,280,900
83.8 92.6 1 100,000000
82.1 90.7 1 7291400
79.6 88.0 1 6,136700
82.6 91.3 1 4,374,000
81.7 90.2 I 3858,400
85.0 93.8 1 3,070,400



































MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA

















# INCHES ,grams K to at
1 0.0096 235.40 89.8 99.2 1 3,560700
2 0.0096 223.46 85.3 94.2 1 2689900
3 0.0096 216.53 82.6 91.3 1 6,132,500
4 0.0096 213.51 81.5 90.1 1 832,400
5 0.0096 221.34 84.4 93.3 1 545,800
6 0.0096 235.36 89.8 99.2 1 600,600
7 0.0096 219.35 83.7 92.5 1 872.200
8 0.0096 217.67 83.0 91.8 1 1963,600
9 0.0096 214.91 82.0 90.7 1 2330.700
10 0.0096 216.48 82.6 91.3 1 9609.200
11 0.0096 209.89 80.1 88.5 1 3846.200





MATL. = ALLOY 17200 1/4HT
% FAILURES ESTIMATED FEA










77.6 85.8 1 2882600
82.6 91.3 1 770600
82.6 91.3 1 448700
83.1 91.8 1 1026100
83.7 92.5 1 537600
91.9 101.4 1 795900
81.6 90.2 1 797300
90.1 99.3 1 2211200
89.3 98.5 1 444200
81.8 90.5 1 575800
85.7 94.7 1 437900







































MATL. = ALLOY 17200 1/4HT
NOTES = BURR OUTSIDE
% FAILURES ESTIMATED FEA















K S I STRESS
SPECIMEN THICKNESS LOAD
# INCHES grams to at
1 0.0097 240.05 89.7 99.0 1 79100
2 0.0097 232.37· 86.8 95.9 1 81800
3 0.0096 232.93 88.9 98.2 1 1418000
4 0.0097 239.90 89.7 99.0 1 114400
5 0.0097 227.03 84.8 93.8 1 112,300
6 0.0097 225.30 84.2 93.0 1 120400
7 0.0097 226.05 84.5 93.4 1 85300
8 0.0097 223.60 83.6 92.4 1 111900
9 0.0097 231.28 86.4 95.5 1 96600
10 0.0098 222.12 81.3 89.9 1 92 100
11 0.0096 233.58 89.1 98.4 1 160600
12 0.0097 217.67 81.3 89.9 1 148,400
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a DATE = 11/17/87
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 1I4HT
NOTES = (DREW'S CONTROL) BURR OUT - # 10 DENTED
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K S I STRESS
SPECIMEN TIllCKNESS LOAD
# INCHES ~ to aI
1 0.0093 230.64 93.8 103.6 1 233900
2 0.0093 221.02 89.9 99.3 1 4506200
3 0.0092 222.50 92.4 102.2 1 3,197,300
4 0.0092 228.64 95.0 104.9 1 1349,700
5 0.0093 222.44, 90.4 100.0 1 1,708,400
6 0.0093 216.15 87.9 97.2 1 598600
7 0.0094 202.91 80.7 89.3 1 351 500
8 0.0094 212.82 84.7 93.6 1 257,000
9 0.0093 201.28 81.8 90.5 1 5870800
10 0.0093 212.04 86.2 95.3 1 1284700
11 0.0094 197.31 78.5 86.8 1 4,956100






MATL. = ALLOY 17200 1/4HT
NOTES = BURR ON OUTSIDE OF BEND
% FAILURES ESTIMATED FEA











90.0 99.3 1 13,633,600
87.6 96.7 1 12124700
92.3 101.8 1 13,775,100
91.3 100.7 1 1,532,000
87.5 96.6 1 6,536,900
90.8 100.2 1 100000000
90.5 99.8 1 1 135,200
88.9 98.1 1 6,005,400
89.7 99.0 1 7450000
92.8 102.4 .~ 'i 100000000
88.4 97.6 )1 100000000





































MATL. = ALLOY 17200 1/4HT
NOTES = BURR ON INSIDE OF BEND
% FAILURES ESTIMATED FEA












94.2 103.7 1 6,509,700
93.7 103.2 1 1533,000
94.0 103.5 1 100000,000
91.2 100.7 1 1436,900
93.9 103.5 1 100,000,000
91.8 101.2 1 18411.100
94.7 104.1 1 3412 100
93.6 103.1 1 100,000,000
90.6 100.0 1 19372 700
92.6 102.1 1 506,600
96.0 105.6 1 7765,200





































MATL. = ALLOY 17200 1/4HT
NOTES = ENDURANCE FINSHED - BURR ON OUTSIDE OF BEND
% FAILURES ESTIMATED FEA











94.8 104.2 1 8,930800
93.3 102.8 1 100,000000
91.7 101.1 1 18,873,200
91.4 100.7 1 722500
92.9 102.3 1 6,500,700
91.9 101.2 1 8,076,900
92.6 101.9 1 7.316800
92.5 101.9 1 21,635200
96.2 105.7 1 2,651600
95.6 105.1 1 7.992 800
94.9 104.2 1 2,359600





































MATL. = ALLOY 17200 1I4HT
NOTES = ENDURANCE FINSHED - BURR ON INSIDE OF BEND
% FAILURES ESTIMATED FEA












94.5 103.9 1 100,000000
96.8 106.3 1 1,821,700
95.4 104.9 1 6,289400
97.8 107.5 1 595,300
97.4 107.0 1 6,584,200
98.2 107.9 1 8350300
96.8 , 106.4 1 2642600
93.7 103.1 1 6061500
96.9 106.4 1 4727400
98.0 107.6 1 3849000
95.6 105.2 1 4696800






































MATL. = ALLOY 17200 1/4HT?
NOTES = 800 CPM - TERMINATED@ 51,081,500
% FAILURES ESTIMATED

















# INCHES grams al
1 0.00945 0.5344 95.4 105.3 1 100,000,000
2 0.00970 0.5657 95.9 I05.6 1 49,875300
3 0.00970 0.5752 97.5 I07.3 1 247300
4 0.00960 0.5573 96.4 106.3 1 532300
5 0.00980 0.5428 90.1 99.4 1 3IO 000
6 0.00985 0.5741 94.4 103.9 1 197700
7 0.00925 0.6173 115.1 126.2 1 766900
8 0.00960 0.5734 99.2 109.2 1 161,600
9 0.00985 0.6263 103.0 112.8 1 247300
10 0.00955 0.5199 90.9 I00.4 1 361200
11 0.00960 0.5997 103.8 114.0 1 278000
12 0.00965 0.5271 90.3 99.7 1 178600
13 0.00965 0.5670 97.1 106.9 1 18365900
14 0.00970 0.6065 102.8 112.9 1 8725400
15 0.00975 0.6096 102.3 112.3 1 7545200
16 0.00970 0.5721 97.0 106.8 1 2,261,700
17 0.00975 0.6023 lOLl 111.0 1 100000000
18 0.00975 0.6012 100.9 110.8 1 978000
19 0.00935 0.4905 89.5 98.9 1 100000000
20 0.00960 0.5542 95.9 105.7 1 1552000
21 0.00955 0.5516 96.5 106.3 1 100000000
22 0.00930 0.5287 97.5 107.6 1 1116200
23 0.00935 0.5084 92.8 102.5 1 6,532,800
24 0.00975 0.5721 96.0 105.7 1 6484,400
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MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA











103.9 113.7 1 909"500
101.6 111.4 1 1405,900
100.7 110.5 1 533 100
100.2 109.9 1 1.326.500
101.5 111.3 1 513,200
102.7 112.5 1 1064600
104.1 114.1 1 421.900
100.7 110.5 1 902,600
103.2 113.0 1 379.100
102.9 112.8 1 546.600
101.2 111.0 1 954.500


































F I L E = WAP20-1.WQl
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA












102.3 112.2 1 306,800
102.6 112.6 1 1,070,100
101.0 111.0 1 456,900
101.7 . 111.6 1 326,000
102.9 112.9 1 375,100
102.1 112.0 1 156,700
102.8 112.9 1 276,700
102.3 112.2 1 306,800
103.2 113.3 1 572,100
104.9 115.1 1 237,700
101.0 110.8 1 780,700
100.6 110.4 1 360600








































MATL. = ALLOY 17200 1/4HT
NOTES = BURR OUTSIDE
% FAILURES ESTIMATED FEA















K S I STRESS
SPECIMEN THICKNESS LOAD
# INCHES In'ams to at
1 0.0097 280.23 104.7 114.9 1 34.500
2 0.0094 244.29 97.2 107.2 1 45100
3 0.0095 259.45 lOLl 111.3 1 44.100
4 0.0094 252.96 100.7 110.9 1 65800
5 0.0095 262.88 102.4 112.7 1 26,300
6 0.0096 269.52 102.8 113.0 1 46.900
7 0.0094 244.78 97.4 107.5 1 49,200
8 0.0097 268.50 100.3 110.3 1 23,500
9 0.0096 267.22 102.0 112.1 1 31,100
10 0.0096 280.83 107.1 117.5 1 61200
11 0.0096 275.93 105.3 115.6 .<t 31,800
12 0.0096 287.28 109.6 120.0 1 29,600
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F I L E = WAP18-l.WQ1
OFFSET = 0.9995
WIDTII = 0.376
MATL. = ALLOY 17200 1I4HT
NOTES = ENDURANCE FINISHED
% FAILURES ESTIMATED FEA



















1 0.0097 0.6158 104.4 114.5 1 174200
2 0.0097 0.6022 102.1 112.1 1 4506100
3 0.0097 0.6223 105.5 115.7 1 1,327300
4 0.0097 0.6186 104.9 115.0 1 1,989,300
5 0.0097 0.6059 102.7 112.8 1 1,912,200
6 0.0097 0.6167 104.5 114.7 1 1433,000
7 0.0097 0.6073 102.9 113.0 1 294000
8 0.0097 0.6162 104.5 114.6 1 2,387900
9 0.0097 0.6131 103.9 114.0 1 610 100
10 0.0097 0.5901 100.0 110.0 1 3321200
11 0.0097 0.6142 104.1 114.2 1 2,393700
12 0.0097 0.6174 104.7 114.8 1 654000
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FILE= WAPI4-1.WQl
OFFSET = - 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 1I4lIT
NOTES = ENDURANCE FINIS¥
% FAILURES ESTIMATED FEA


















1 0.0098 0.6255 103.9 113.9 1 855600
2 0.0098 0.6342 105.3 115.3 1 371 600
3 0.0098 0.6482 107.6 117.7 1 250,700
4 0.0098 0.6378 105.9 116.0 1 266700
5 0.0099 0.6542 106.5 116.4 1 464,400
6 0.0098 0.6115 101.6 111.4 1 337,600
7 0.0098 0.6083 101.0 110.9 1 582300
8 0.0097 0.6322 107.2 117.4 1 957,100
9 0.0098 0.6467 107.4 117.5 1 284700
10 0.0097 0.6236 105.7 115.9 1 582,300
11 0.0099 0.6402 104.2 114.0 1 514500
12 0.0098 0.6435 106.9 116.9 1 664,000
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F I L E = WAP58-1
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA






50 245809 1.86212829IALPHA = 263180.303,1







K S I STRESS
SPECIMEN THICKNESS LOAD
# INCHES ~ams to at
1 0.0096 276.23 105.4 115.7 1 247700
2 0.0096 283.66 108.2 118.6 1 218800
3 0.0096 275.76 105.2 115.5 1 276000
4 0.0096 278.38 106.2 116.5 1 285600
5 0.0096 277.55 105.9 116.2 1 198,200
6 0.0096 282.14 107.6 118.0 1 186,100
7 0.0096 281.44 107.4 117.7 1 214300
8 0.0096 270.05 103.0 113.2 1 246,000
9 0.0096 284.43 108.5 118.9 1 334400
10 0.0096 283.40 108.1 118.5 1 314900
11 0.0096 273.55 104.4 114.6 1 200800






MATL. = ALLOY 17200 1I4HT
NOTES = BURR OUTSIDE
% FAILURES ESTIMATED FEA















K S I STRESS
SPECIMEN THICKNESS LOAD
# INCHES ,grams to at
1 0.0094 301.72 120.1 131.1 1 34,500
2 0.0095 293.30 114.3 125.0 1 47,600
3 0.0097 290.76 108.7 118.9 1 38,000
4 0.0097 290.26 108.5 118.7 1 41700
5 0.0096 286.02 109.1 119.6 1 30,600
6 0.0095 295.96 115.3 126.1 1 26,300
7 0.0097 266.12 99.5 109.4 1 59,100
8 0.0097 294.36 110.0 120.3 1 44,500
9 0.0097 293.70 109.8 120.1 1 76100
10 0.0097 297.51 111.2 121.5 1 41300
11 0.0096 303.45 115.8 126.4 1 39,200






MATL. = ALLOY 17200 1I4HT
NOTES =
% FAILURES ESTIMATED
















# INCHES grams o at
1 0.00950 0.6292 111.2 121.8 1 2983,500
2 0.00990 0.6971 113.4 123.5 1 2277500
3 0.01000 0.7141 113.9 123.7 1 97,300
4 0.00980 0.6826 113.4 123.6 1 106,100
5 0.00980 0.6964 115.7 125.9 1 127,000
6 0.00950 0.6199 109.6 120.1 1 133 100
7 0.00980 0.6909 114.7 125.0 1 97300
8 0.01000 0.7154 114.1 123.9 1 100,800
9 0.01000 0.7026 112.1 121.9 1 97,300
10 0.00990 0.6792 110.5 120.5 1 102400
11 0.00990 0.6759 110,0 120.0 1 102,800






MATL. = ALLOY 17200 1I4HT
NOTES = (DREW'S CONTROL) - BURR OUT
% FAILURES ESTIMATED FEA

















# INC SHE JmUlls K I TRE to ad
13 0.0093 264.41 107.5 118.2 1 63800
14 0.0093 275.22 113.1 124.2 1 57700
15 0.0096 298.06 113.7 124.3 1 50900
16 0.0098 309.73 113.4 123.6 1 52300
17 0.0097 331.74 124.0 134.4 1 43,700
18 0.0098 308.05 112.8 123.0 1 50900
19 0.0098 327.35 119.9 130.1 1 43700
20 0.0098 302.38 110.7 120.9 1 58000
21 0.0099 320.07 114.8 124.9 1 46600
22 0.0098 312.50 114.4 124.6 1 55100
23 0.0098 314.27 115.1 125.3 1 55900






MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA


















# INCHES grams to
1 0.0093 295.23 120.0 131.2 1 161300
2 0.00'93 288.60 117.3 128.5 1 160600
3 0.0093 285.38 116.0 127.1 1 125700
4 0.0094 304.20 121.1 132.1 1 129900
5 0.0094 294.46 117.2 128.1 1 152100
6 0.0094 297.96 118.6 129.6 1 154100
7 0.0093 296.86 120.7 131.9 1 145600
8 0.0093 297.78 121.1 132.3 1 103600
9 0.0093 297.86 121.1 132.3 1 158100
10 0.0094 290.24 115.5 126.4 1 107300
11 0.0094 291.72 116.1 127.0 1 130600





MATL. = ALLOY 17200 1/4IIT
NOTES = ENDURANCE FINISH
% FAILURES ESTIMATED FEA


















1 0.0098 0.6504 124.3 135.9 1 309500
2 0.0098 0.6669 127.4 139.1 1 353700
3 0.0098 0.6642 126.9 138.6 1 187100
4 0.0098 0.6238 119.2 130.7 1 86100
5 0.0098 0.6807 130.1 141.8 1 119,000
6 0.0097 0.6271 122.3 134.0 1 180700
7 0.0098 0.6477 123.8 135.4 1 148000
8 0.0098 0.6543 125.0 136.7 1 140700
9 0.0098 0.6855 131.0 142.7 1 183600
10 0.0098 0.6486 123.9 135.5 1 143600
37 0.0098 0.6220 118.9 130.3 1 114000
38 0.0098 0.6496 124.1 135.7 1 95500
39 0.0098 0.6518 124.5 136.2 1 94500
40 0.0097 0.6244 121.8 133.5 1 104500
41 0.0097 0.6052 118.0 129.6 1 134100





MATL. = ALLOY 17200 1I4HT
NOTES =
% FAILURES ESTIMATED PEA


















1 0.0098 0.6855 131.0 142.7 1 83500
2 0.0097 0.6785 132.3 144.3 1 81400
3 0.0098 0.7184 137.3 149.1 1 59300
4 0.0098 0.6854 131.0 142.7 1 69800
5 0.0098 0.6922 132.3 144.0 1 61100
6 0.0099 0.6987 130.8 142.4 1 59500
7 0.0098 0.6939 132.6 144.3 1 63000
8 0.0098 0.7005 133.8 145.6 1 67600
9 0.0099 0.7103 133.0 144.5 1 59700
10 0.0097 0.6751 131.7 143.6 1 78900
11 0.0098 0.7211 137.8 149.6 1 59000






MATL. = ALLOY 17200 1/4HT
NOTES =
% FAILURES ESTIMATED FEA



















# INCHES grams to at
1 0.0098 409.64 150.0 160.5 1 87100
2 0.0098 382.86 140.2 150.5 1 83000
3 0.0098 383.62 140.5 150.8 1 76500
4 0.0098 417.74 152.9 163.6 1 70400
5 0.0097 397.65 148.6 159.2 1 72000
6 0.0098 255.37 93.5 103.0 1 63800
7 0.0098 425.50 155.8 166.5 1 73100
8 0.0097 404.71 151.2 161.9 1 68500
9 0.0097 379.50 141.8 152.3 1 72600
10 0.0097 377.61 141.1 151.6 1 68500
11 0.0097 383.93 143.5 154.0 1 71900






MATL. = ALLOY 17200 1/4HT
NOTES = EQUIP PROB - FAILURE CYCLES APPROXIMATE
% FAILURES ESTIMATED FEA
















K S I STRESS
SPECIMEN THICKNESS LOAD
# INCHES grams to aI
1 0.0094 440.12 175.1 187.3 1 19200
2 0.0097 437.25 163.4 174.7 1 19200
3 0.0095 342.69 133.5 144.4 1 13 300
4 0.0096 357.71 136.5 147.2 1 14,900
5 0.0096 351.81 134.2 144.9 1 13,300
6 0.0094 436.58 173.7 185.7 1 13 300
7 0.0096 469.84 179.3 192.3 1 13300
8 0.0096 430.22 164.1 175.5 1 13,300
9 0.0097 368.92 137.9 148.4 1 13 300
10 0.0097 446.15 166.7 178.3 1 13,300
11 0.0096 410.49 156.6 0.0 0







MATL. = ALLOY 17200 HT
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS FEA cycles
# INCHES LBS KSI STRESS to fail
13 0.0098 0.5137 85.3 94.2 1 580500
14 0.0099 0.5401 87.9 97.0 1 10446600
15 0.0099 0.5445 88.6 97.7 1 641000
16 0.0099 0.5357 87.2 96.2 1 366200
17 0.0096 0.5335 92.3 101.9 1 329800
18 0.0099 0.5467 89.0 98.1 1 2805700
31 0.0099 0.5534 90.1 99.3 1 10251800
32 0.0099 0.5181 84.3 93.1 1 1605500
33 0.0098 0.5357 89.0 98.2 1 239500
34 0.0099 0.5379 87.5 96.6 1 2123100
35 0.0098 0.5313 88.2 97.4 1 183500






MAIL. = ALLOY 17200 HI
NOTES = TEST TERMINATED 11,303,500
% FAILURES ESTIMATED FEA












SPECIMEN nnCKNESS LOAD STRESS FEA cycles
# INCHES grams KSI STRESS to fail
1 0.0095 230.76 89.9070564 99.3202425 1 100000000
2 0.0093 222.09 90.2908135 99.7991269 1 100000000
3 0.0094 229.35 91.2690429 100.835612 1 100000000
4 0.0094 236.46 94.0984429 103.89874 1 100000000
5 0.0096 233.46 89.0739013 98.377927 1 100000000
6 0.0097 224.57 83.9244936 92.7502311 1 100000000
7 0.0098 223.04 81.6603175 90.2554759 1 100000000
8 0.01 239.27 84.133452 92.8696617 1 100000000
9 0.0096 238.63 91.0464536 100.507169 1 100000000
10 0.0096 230.69 88.0170406 97.2328751 1 100000000
11 0.0096 224.97 85.8346422 94.8590591 1 100000000
12 0.0096 256.71 97.9446638 107.872277 1 100000000
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F I L E = WAP20-3
OFFSET = 0.9995
"WIDTH = 0.376
MATL. = ALLOY 17200 HT
NOTES =
% FAILURES ESTIMATED FEA














K S I STRESS
cycles
to fail
25 0.0098 0.5814 96.6 106.2 1 100000000
26 0.0097 0.5850 99.2 1P9.1 1 2178600
27 0.0098 0.5799 96.3 106.0 1 2,309200
28 0.0099 0.5829 94.9 104.3 1 100000000
29 0.0098 0.5803 96.4 106.0 1 4,735,700
30 0.0098 0.5708 94.8 104.4 1 4869600
31 0.0098 0.5902 98.0 107.8 1 3,383,200
32 0.0098 0.5971 99.2 109.0 1 100000000
33 0.0099 0.5862 95.4 104.9 1 1227700
34 0.0097 0.5684 96.4 106.1 1 5925,800
35 -0.0097 0.5840 99.0 108.9 1 4291400





MATL. = ALLOY 17200 HT
NOTES = ENDURANCE FINISHED
% FAILURES ESTIMATED FEA
-


















K S I STRESS
cycles
to fail ...
25 0.0098 0.5830 96.8 106.5 1 5039,700
26 0.0098 0.5799 96.3 106.0 1 100000000
27 0.0098 0.5828 96.8 106.5 1 100.000000
28 0.0098 0.6022 100.0 109.8 1 100.000.000
29 0.0098 0.5832 96.9 106.5 1 7,102,900
30 0.0098 0.5916 98.2 108.0 1 6717000
31 0.0098 0.5989 99.5 109.3 1 100000000
32 0.0098 0.5799 96.3 106.0 1 5,503200
33 0.0099 0.5930 96.5 106.1 1 5430000
34 0.0097 0.5708 96.8 106.5 1 100000000
35 0.0097 0.5893 99.9 109.8 1 11574900




WIDTH = . 0.376
MATL. = ALLOY 17200 HT
NOTES =
% FAILURES ESTIMATED FEA















K S I STRESS
cycles
to fail
37 0.0098 0.6344 105.4 115.4 1 3464,000
38 0.0097 0.6286 106.6 116.8 1 2874800
39 0.0098 0.6403 106.3 116.4 1 9,907200
40 0.0098 0.6302 104.7 114.7 1 4403--,900
41 0.0099 0.6421 104.5 114.4 1 10,598,700
42 0.0099 0.6468 105.3 115.1 1 3831 100
43 0.0097 0.6405 108.6 118.8 1 2795700
44 0.0098 0.6302 104.7 114.7 1 5524500
45 0.0098 0.6377 105.9 115.9 1 7915,900
46 0.0098 0.6324 105.0 115.0 1 100000000
47 0.0098 0.6447 107.1 117.1 1 9588000





MATL. = ALLOY 17200 HT
NOTES = ENDURANCE FINISH
% FAILURES ESTIMATED FEA











SPECIMEN THICKNESS LOAD STRESS FEA
# INCHES LBS KSI STRESS
.. 37 0.0098 0.6712 111.5 121.6
38 0.0097 0.6265 106.2 116.4
39 0.0098 0.6248 103.8 113.7
40 0.0098 0.6191 102.8 112.8
41 0.0096 0.6241 108.0 118.4
42 0.0097 0.6207 105.2 115.4
43 0.0097 0.6422 108.9 119.1
44 0.0097 0.6338 107.4 117.7
45 0.0097 0.6408 108.6 118.9
46 0.0097 0.6278 106.4 116.6
47 0.0098 0.6359 105.6 115.6






MATL. = ALLOY 17200 HT
NOTES =
% FAILURES ESTIMATED PEA


















# INCHES .l!;Tams to aI
1 0.0095 264.41 103.0 113.3 1 245800
2 0.0094 303.79 120.9 131.9 1 150,500
3 0.0096 298.94 114.1 124.6 1 205,800
4 0.0096 268.53 102.5 112.6 1 222,600
5 0.0093 270.88 110.1 121.0 1 137,900
6 0.0096 297.54 113.5 124.1 1 435,600
7 0.0096 277.35 105.8 116.1 1 216,200
8 0.0094 289.61 115.2 126.2 1 354,600
9 0.0096 282.69 107.9 118.2 1 204,700
10 0.0094 283.26 112.7 123.6 1 198800
11 0.0096 283.32 108.1 118.5 1 279,900





MATL. = ALLOY 17200 H
NOTES = UNHEAT TREATED
% FAILURES ESTIMATED FEA












SPECIMEN THICKNESS LOAD STRESS FEA cycles
# INCHES e.rams KS I STRESS tofatl
25 0.0101 246.55 85.0 93.7 1 66100
26 0.0102 266.66 90.1 99.1 1 52600
27 0.0102 177.97 60.1 66.4 1 52,600
28 0.0102 248.25 83.9 92.5 1 58800
29 0.0101 256.98 88.6 97.6 1 58100
30 0.0101 243.85 84.1 92.7 1 61000
31 0.0101 239.12 82.4 -91.0 1 64800
32 0.0101 277.65 95.7 105.0 1 46,800
33 0.0104 238.61 77.6 85.6 1 61000
34 0.0102 262.78 88.8 97.7 1 54300
35 0.0104 248.20 80.7 89.0 1 64100
36 0.0102 255.40 86.3 95.1 1 56,700
37 0.0103 256.39 85.0 93.6 1 58,800
38 0.0099 237.72 85.3 94.2 1 56,200
39 0.0101 237.36 81.8 90.3 1 56,200
40 0.0103 229.62 76.1 84.1 1 52600
41 0.0099 268.73 96.4 106.0 1 69600
42 0.0103 224.73 74.5 82.3 1 58800
43 0.0099 252.81 90.7 99.9 1 66100
44 0.0099 239.87 86.1 95.0 1 48800
45 0.0101 261.94 90.3 99.4 1 61 100
46 0.0101 252.42 87.0 95.9 1 69600
47 0.0102 233.56 78.9 87.2 1 64100
48 0.0101 248.47 85.6 94.4 1 69000
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F I L E = WAP28-1
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 H
NOTES = UNHEAT TREATED
% FAILURES ESTIMATED FEA


















# INCHES grams to aI
13 0.0099 320.47 115.0 125.0 1 14500
14 0.0101 333.13 114.8 124.5 1 14500
15 0.0104 366.73 119.2 128.3 1 14500
16 0.0101 321.98 111.0 120.6 1 16,500
17 0.0101 328.85 113.4 123.0 1 16,500
18 0.0102 364.67 123.2 132.7 1 14,500
19 0.0102 356.40 120.5 129.9 1 18700
20 0.0105 357.17 113.9 122.9 1 16500
21 0.0105 357.87 114.1 123.1 1 18700
22 0.0099 304.87 109.4 119.3 1 18700
23 0.0102 367.45 124.2 133.7 1 11500
24 0.0099 317.76 114.0 124.0 1 18,700
Page 99





MATL. = ALLOY 17200 (l90)XHM
% FAILURES ESTIMATED FEA














SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
19 0.01 0.5093 81.2 89.7 1 426200
20 0.01 0.5027 80.2 88.6 1 474500
21 0.01 0.5049 80.5 89.0 1 415900
22 0.01 0.5137 81.9 90.5 1 675200
23 0.01 0.5093 81.2 89.7 1 575800
24 0.01 0.496 79.1 87.4 1 426800
25 0.0099 0.5049 82.2 90.8 1 331900
26 0.01 0.5181 82.6 91.3 1 277900
27 0.01 0.5049 80.5 89.0 1 390900
28 0.01 0.4806 76.7 84.7 1 1087000
29 0.01 0.4938 78.8 87.0 1 358800






MATL. = ALLOY 17200 (190)XHM
NOTES =
% FAILURES ESTIMATED FEA





10 211 338 STDDEV






SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES grams KS I KSI to fail
1 0.0096 222.76 85.0 93.9 1 353,900
2 0.0096 231.97 88.5 97.8 1 285,700
3 0.0096 224.72 85.7 94.8 1 309,900
4 0.0095 226.23 88.1 97.4 1 287,700
5 0.0095 223.67 87.1 96.3 1 225,800
6 0.0096 237.88 90.8 100.2 1 258,600
7 0.0096 188.57 71.9 79.5 1 550,300
8 0.0096 238.93 91.2 100.6 1 417,800
9 0.0096 234.81 89.6 98.9 1 255,800
10 0.0096 227.74 86.9 96.0 1 320700
11 0.0096 230.96 88.1 97.3 1 234,400
12 0.0096 230.86 88.1 97.3 1 220,000
13 0.0096 218.66 83.4 92.2 I 285,700
14 0.0096 229.36 87.5 96.7 1 351,500
15 0.0096 220.38 84.1 92.9 1 385,800
16 0.0096 228.85 87.3 96.5 1 339,400
17 0.0096 224.42 85.6 94.6 I 432,200
18 0.0096 232.74 88.8 98.1 1 326,700
19 0.0096 233.70 89.2 98.5 1 396,800
20 0.0096 222.56 84.9 93.9 1 417,800
21 0.0096 234.87 89.6 99.0 1 319,900
22 0.0096 231.26 88.2 97.5 1 396,000
23 0.0096 227.50 86.8 95.9 1 296,200





MATL. = ALLOY 17200 XHM (l90)
NOTES =
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
37 0.0099 0.5789 94.2 103.7 1 522,600
38 0.0100 0.5652 90.1 99.3 1 601600
. 39 0.0100 0.5752 91.7 101.0 1 580100
40 0.0100 0.5734 91.5 100.7 1 3,602700
41 0.0100 0.5736 91.5 100.7 1 582,700
42 0.0100 0.5632 89.8 99.0 1 561,900
43 0.0100 0.5641 90.0 99.1 1 1,133,400
44 0.0100 0.5583 89.0 98.1 1 642,600
45 0.0100 0.5615 89.6 98.7 1 555500
46 0.0100 0.5745 91.6 100.9 1 2,406,100
47 0.0100 0.5749 91.7 100.9 1 3,694,900
48 0.0100 0.5740 91.5 100.8 1 1,839,000
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F IL E = WAP18-4
OFFSET = 0.9995
WIDTH = 0.376
MATL. = ALLOY 17200 XHM (190)
NOTES = ENDURANCE FINISHED
% FAILURES ESTIMATED FEA














SPECIMEN TIllCKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
37 0.0099 0.5765 93.8 103.2 1 1,960,600
38 0.0099 0.5743 93.5 102.9 1 699600
39 0.0099 0.6051 98.5 108.1 1 568,600
40 0.0099 0.5839 95.0 104.5 1 2,064,300
41 0.0099 0.5853 95.2 104.8 1 2,737,500
42 0.0099 0.5784 94.1 103.6 1 601,000
43 0.0099 0.5701 92.8 102.1 1 1,190,200
44 0.0099 0.5750 93.6 103.0 1 518,000
45 0.0099 0.5755 93.7 103.1 1 462200
46 0.0099 0.5931 96.5 106.1 1 466000
47 0.0099 0.6102 99.3 109.0 1 381,900





MATL. = ALLOY 17200 HM
NOTES = ENDURANCE FINISH
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
25 0.0100 0.6465 103.1 112.8 1 328,700
26 0.0100 0.6134 97.8 107.3 1 282,300
27 0.0099 0.6052 98.5 108.1 1 397,900
28 0.0100 0.6541 104.3 114.0 1 307,600
29 0.0100 0.6094 97.2 106.7 1 309,100
30 0.0099 0.6098 99.2 108.9 1 300.400
31 0.0100 0.6016 96.0 105.4 0
32 0.0100 0.6342 101.2 110.8 1 265,500
33 0.0100 0.6338 101.1 110.7 1 207,500
34 0.0100 0.6411 102.3 111.9 1 282,300
35 0.0099 0.6234 101.4 111.2 1 435.600





MATL. = ALLOY 17200 XHM (190)
NOTES =
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
25 0.0100 0.6210 99.0 108.6 1 347,200
26 0.0100 0.6372 101.6 111.3 1 377,500
27 0.0100 0.6272 100.0 109.6 1 522,100
28 0.0100 0.6260 99.8 109.4 1 354,900
29 0.0100 0.6276 100.1 109.7 1 513,200
30 0.0100 0.6921 110.4 120.2 1 195,600
31 0.0100 0.6243 99.6 109.1 1 421,900
32 0.0100 0.6354 101.3 111.0 1 522,100
33 0.0100 0.6293 100.4 110.0 1 401,500
34 0.0100 0.6281 100.2 109.8 1 316,200
35 0.0100 0.6368 101.6 111.2 1 522,100







MATL. = ALLOY 17410
NOTES =
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KS I KSI tofaH
I 0.0099 0.3072 50.0 54.6 1 100,000,000
2 0.0099 0.2926 47.6 51.9 1 1,471,000
3 0.0100 0.2435 38.8 41.8 1 100,000,000
4 0.0099 0.2698 43.9 47.6 1 100,000,000
5 0.0100 0.2833 45.2 49.1 1 100,000,000
6 0.0100 0.2656 42.4 45.9 1 100000000
7 0.0100 0.1978 31.5 33.5 I 100,000,000
8 0.0100 0.2787 44.5 48.3 1 14,631,900
9 0.0100 0.2512 40.1 43.2 1 713,400
10 0.0100 0.2721 43.4 47.1 1 100,000,000
11 0.0099 0.2729 44.4 48.2 1 100000000
12 0.0100 0.2736 43.6 47.4 1 100000,000
13 0.0100 0.2474 39.5 42.6 1 100000000
14 0.0099 0.2842 46.3 50.3 1 100,000000
15 0.0099 0.2848 46.3 50.4 1 1 115,800
16 0.0100 0.2716 43.3 47.0 1 100,000000
17 0.0099 0.2661 43.3 46.9 1 100,000,000
18 0.0100 0.3003 47.9 52.3 1 1778,400
19 0.0100 0.2793 44.6 48.4 1 100000000
20 0.0099 0.2794 45.5 49.4 1 100,000000
21 0.0099 0.2695 43.9 47.5 1 1,343,200
22 0.0100 0.2792 44.5 48.4 1 100000,000
23 0.0100 0.3032 48.4 52.8 1 100000000





MATL. = ALLOY 17410
NOTES =
% FAILURES ESTIMATED FEA












SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
37 0.0099 0.3994 65.0 71.7 1 135100
38 0.0100 0.3765 60.1 66.2 1 122,900
39 0.0099 0.3730 60.7 66.9 1 174,500
40 0.0100 0.3810 60.8 67.0 1 100,000,000
41 0.0100 0.3721 59.4 65.4 1 143,900
42 0.0100 0.3881 61.9 68.3 1 143900
43 0.0100 0.3631 57.9 63.7 1 138,800
44 0.0099 0.3906 63.6 70.1 1 100,000000
45 0.0100 0.3946 62.9 69.4 1 135,100
46 0.0100 0.3728 59.5 65.5 1 185,600
47 -0.0099 0.4107 66.8 73.8 1 182,500





MATL. = ALLOY 17410HM
% FAILURES ESTIMATED FEA














SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
37 0.0099 0.4211 68.5 75.7 1 87100
38 0.0099 0.4674 76.1 84.1 1 80300
39 0.01 0.4431 70.7 78.1 1 86600
40 0.0099 0.4167 67.8 74.9 1 104800
41 0.0098 0.4343 72.1 79.7 1 91800
42 0.0099 0.4123 67.1 74.1 1 92500
43 0.01 0.4718 75.2 83.2 1 80300
44 0.0099 0.4564 74.3 82.1 1 87900
45 0.01 0.4872 77.7 85.9 1 180500
46 0.01 0.474 75.6 83.6 1 80300
47 0.0099 0.4255 69.2 76.5 1 101400





MATL. = ALLOY 17410
NOTES =
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES l!J'llIllS KSI KSI to fail
25 . 0.0099 223.30 80.1 88.5 1 65400
26 0.0099 240.99 86.5 95.4 1 95,300
27 0.0099 245.69 88.1 97.2 1 144 200
28 0.0099 228.32 81.9 90.5 1 112500
29 0.0099 241.67 86.7 95.7 I 78,400
30 0.0099 237.03 85.0 93.9 1 112,500
31 0.0099 243.48 87.4 %.4 I 112500
32 0.0099 259.30 93.0 102.4 I 82,400
33 0.0099 255.95 91.8 101.1 1 104500
34 0.0099 244.54 87.7 %.8 1 65,500
35 0.0099 255.29 91.6 100.9 1 109,600
36 0.0099 244.86 87.8 96.9 1 79100
37 0.0099 256.37 92.0 101.3 1 99200
38 0.0099 241.37 95.6 1 311,400
39 0.0099 239.89 86.1 95.0 1 311,400
40 0.0099 250.93 90.0 99.2 1 127,500
41 0.0099 246.27 88.4 97.4 1 311,400
42 0.0099 243.80 87.5 %.5 1 311 400
43 0.0099 247.90 88.9 98.1 1 311 400
44 0.0099 259.80 93.2 102.6 1 112,500
45 0.0099 265.90 95.4 104.9 1 123,800
46 0.0099 254.49 91.3 100.6 1 311,400
47 0.0099 263.90 94.7 104.2 1 522,600
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% FAILURES ESTIMATED FEA













SPECIMI THICKN LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
14 0.0099 0.6201 ,. 100.9 110.7 1 117,900
15 0.0100 0.6141 97.9 107.5 1 113,900
16 0.0100 0.6241 99.5 109.1 1 133,400
17 0.0100 0.5918 94.4 103.8 1 151,600
18 0.0100 0.5941 94.8 104.1 1 136,200
19 0.0100 0.6119 97.6 107.1 1 117,900
20 0.0100 0.5869 93.6 102.9 1 169,900
21 0.0100 0.6399 102.1 111.7 1 133,400
22 0.0100 0.6280 100.2 109.8 1 107,500





MATL. = ALLOY 17410
NOTES = ENDURANCE FINISHED
% FAILURES ESTIMATED FEA













SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KS I KSI to fail
13 0.0100 0.6078 96.9 106.4 1 106,500
14 \ 0.0100 0.5972 95.3 104.7 1 175700
15 0.0099 0.6070 98.8 108.4 1 123800
16 0.0100 0.5894 94.0 103.4 1 135,100 I
17 0.0099 0.5919 96.3 105.9 1 144,500
18 0.0100 0.6033 96.2 105.7 1 151,300
19 0.0100 0.6031 96.2 105.6 1 ..144500
20 0.0100 0.5831 93.0 102.3 1 179000
21 0.0100 0.6012 95.9 105.3 1 151300
22 0.0100 0.5954 95.0 104.4 1 172,300
23 0.0100 0.6043 96.4 105.8 1 135 100




, WIDTH = 0.376
'MATL. = ALLOY 17410
NOTES =
% FAILURES ESTIMATED FEA















SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
13 0.0100 0.6226 99.3 108.9 1 89,200
14 0.0099 0.6207 101.0 110.8 1 89,200
15 0.0100 0.6247 99.6 109.2 1 103,200
16 0.0100 0.6315 100.7 110.3 1 99,100
17 0.0099 t· 0.6232 101.4 111.2 1 115,900
18 0.0100 0.6378 101.7 111.4 1 99,100
19 0.0100 0.5947 94.9 104.2 1 142,500
20 0.0100 0.6448 102.8 112.5 1 99100
21 0.0100 0.5693 90.8 100.0 1 195,600
22 0.0100 0.6400 102.1 JI1.7 1 138,300
23 0.0099 0.6227 101.3 111.1 1 138300





MATL. = ALLOY 17410
NOTES = ENDURANCE FINISH
% FAILURES ESTIMATED PEA















SPECIMEN THICKNESS LOAD STRESS STRESS cycles
# INCHES LBS KSI KSI to fail
13 0.0100 0.6208 99.0 108.6 1 99,100
14 0.0099 0.6193 100.8 110.5 1 70,500
15 0.0098 0.6256 103.9 113.9 1 70,500
16 0.0099 0.6045 98.4 108.0 1 110,600
17 0.0100 0.6617 105.5 115.3 1 72,300
18 0.0099 0.6682 108.7 118.7 1 65,500
19 0.0100 0.6384 101.8 111.5 1 72 300
20 0.0100 0.6688 106.7 116.4 1 70,500
21 0.0100 0.6254 99.7 109.3 I 106,200
22 0.0098 0.6185 102.7 112.7 1 90300
23 0.0100 0.6638 105.9 115.6 1 87,900






(CYCLES TO FAILURE vs PERCENT FAILED WITHIN EACH RANGE)
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ALLOY 17200 1/4HT [3 RUN OUTS]
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TEST 40-1 95.9 KSI AVERAGESTRESS
..-=~:.:.~--;;- "! \
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ALLOY 17200 1/4 HT [4 RUN OUTS]
TEST·23-1 99.4 KSI AVERAGKSTRESS
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ALLOY 17200 1/4 HT [1 RUN OUT]
TEST 23-4 102.7 KSI AVERAGE STRESS
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ALLOY 172~0 1I4-HT [IRUNOU'F]
TEST 23-3 105.9 KSI AVERAGESTRESS
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TEST A2-1 107.4 KSI AVERAGES'tRESS
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'._TEST 13-1 111.9 KSI AVERAGE STRESS
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TEST.14-1 115.3 KSI AVERAGE~STRESS
..-=-"'~~_~~_. _:_ '~r
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TEST 58-1 116.4 KSI AVERAGE STRESS
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TEST 72-1 121.0 KSI AVERAGE STRESS
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. ALLOY 17200 1/4HT
.
TEST.A1-1 122.5 KSI AVERAGESTRESS \




















































































TEST 6Q~1 129.4 KSI AVERAGE STRESS
C.=f'.;O;;:;;:;;'- ~'.'-"'-
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ALLOY 17200 1I4HT
TEST 9-1 135.3 KSI AVERAGlt' STRESS
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TEST8-1 145.Z",KSI AVERAGE sTREss
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